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A commcrcialty  avai Iabk imagil~g iafiatd radiomc{cr, aIl lnfiamcltics 760 system, was subjected to simulated space and

Mar(iaa cnviromcnls  in J1’1 ,’s 2.5 fl and 10 ft space simulators for a total of 108 hours.  lnilially, lhc 11{ camera  was integrah:cl with

the Satclli(e  ‘1’cst Assislant  Robot (S’I’AR) sys(cm  which cicmomtt’atccl successful opcratic~n in late 1994. I)aring this inilial

dcmons(rat  ion, the 1 R camera cxpct’icacecl 24 hours of a hard vacaam with simulated space tempcratat’cs  bctwcct~ - 190°C to -1 25°C.

Sahscqaen(]y,  the II{ camera w:~s sul~jcctcd to 12 boars of a simulated space aacl 72 hmrs  of a simulated Matliaa  cavironmcnt

daring t l~c Mars Rover (CSI. 1 :qu ippcd only with tl~cr)~~c)st:itic;illy  coa[rollccl  heaters to prevent mclcrcooliag,  the 1 R camera opcratccl

continuously claring these periods and proviclcd namcroas imp,cs of lhc simulator il~tcrior, a refercace target, am] the Mars Rover.
‘1’hc rcfcrcncc  target coasistccl of niac samples of diffcrmt nla(criats  UWXI in typical aerospace thermal clcsi~ns, ‘l’he cmittancc range

covcrcd  o.(Y2 to 0.90. ‘1’hc  tarp,ct tcmpcraturc ral~.gc was wiricd from -tlO°C (o S5 “C:. The 11{ camera was reliable and provided

quality ima:,cs throughout this r:in.ge  bat mcasm’cment  accuracy w:is a stt’oIIF,  fuaction oflargct  tcmpcralarc! and cmitlance. Ilcsl

rcsul(s for hip,]) cmillancc targets were wilhin 12°C at -80° C to within 1 “C at -1 55° C.

UN:J:ROI)U(U

In a continuous effort to improve JI’I ,’s space Simulation faciiilics aad data acquisition Jnclhoclsj the S’I’A1{  system was
conccivcd to provide mm-contact tcmpcraturc  mcasarcmcnts  of flight hardware inside a space simulator. Under typical operating

conditions a simala(ccl space environment incladcs a hard vacaam of at least 1 xl 0s torr and background tcmpcratorcs as low as
- ] ~(N; ‘I ‘llc s’] ‘AI{ Systclll WIS dcsigl]c({ 10 Operate i!] this cnvironmct]t  aI~d to provide remotely coatrolled  ac(uat ion. ]11 ih CllJTCllt

col]fip,aration  the S’lAR systcm is capable of controllil~g  the elevation, and the pan ancl lilt anp,lc of a platform to which an If<

catncra is IIloNntcd, (:ontrol is cxcr(ccl tliroagh a joyslick or a software chivcn user intcrfacc.  l’art of this interface is the simulated

conlml panel of the 11{ camera. I;ccdback is provicicd tllroagh the graphical ascr iatcrfacc and by a visaal image of two CCIJ

cameras tl~at arc ali:,l~cd with the 11< czimcra, ‘1’hroaghoa(  the S’I’AI{  dctnor]stratioa  all pctlinent data were rccordcd continuously

for pos[ test c.v;ilaatioll. ‘1’hcsc  data incladcd tcmpcraturc  mc:isurcmcuts  by thcImocoLIplcs,  a data log of all actuations performed,

and viclco tapes of all 11{ images. ‘1’IIC srl’Al<  sys(cm performed well ancl the clcalons~ration was an unqualified SUCCCSS.  A. detailed

Icpor(  ml the S’I’AR  system pmformallcc  is ptmvidccl in Rcfcrcllce 1.

‘Ibis paper fOCllSCS 01) the sc(up and pcrforlllancc oftlic  II< camera system  in simulated space environments. la a very short

time, as is typic:il fbr II< ima:,it]g systems, the 25 f[ silnalator interior was scanned ancl several examples ofprevicmsly unkaown

tcmpcraturc  discont  inai(ies  were d iscovcrcd.  Additionally, a rcfcrcncc tcmpcratut’c target was imaged at different tcmpcralure  ICVCIS

at~d during  tcll]pcratarc tr:insitions to provide daIa for performance charactcri~,ation. [)aritlg a subsequent oppor(uuity,  Ihc IR
caalcra was tcslcd for anoll~cr 84 hours in simalatcd space and Martian cnvironmetlts.
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2. liNVll<ONMliN’1  ’Al. SIMtJI,A’1’!cMAM’1’111~ S:!A!.MYN!M

,il’1,  main(ains space simulation chambers of various siz.cs and capacities to accommodate test needs for many cliffcrcnt

space missions. ‘IWO oppotlunit ics to p,ain experience wit h an I K camcm under simulated space conditions arose during the S’I’AR

pcrformaucc  Icst and during the Mars Rover test, I)urillg these simulations, the 11{ camera was c.xposed to vacuum, clccp space

tcmpcraturcs, and a simulated Martian a(mosphcrc.

2.1 I;acili[ics and cnyimnmen[s———.. .—

J]’] ,’s larp,csI space simulator is of cylindrical shape wi(h a 2S ft diameter and a height of 85 ft. It is capable of solar

simulation by rrflcct ing a radiant beam, producecl by an array of 37 xenon arc lamps, of( a reflecting mirror mounlcd  at the top

of Ihc  d)i]n)bct.  A picture of the simulator is p,ivcn in I;igurc  1 below. “1’hc walls and floor of the simulator arc line with finned

alulninum shrouds, painted black. ‘1’hc  w:ill and floor tcmpcr:iturc can he controlled bctwccn -190°~ (liquid nitrogen) and -I 150°~.

‘1’hc highly rcflcclivc mirror at the top complclcs the thermal cnclosurc. ‘1’lIC entire volume can be cvacuatcci to pressures in the

5X1() “ torr  ranp,c,

F’ipjurc  1: ,11’1  ,’s 25ft simuiator, S’I’Al< controls in Iorc:,round

~z Slx

Subsequent to its ]CfUrbiShllJCl)t,  the 2511 space

s imu la to r  was  uncicrgoing a series of tests to

charactcriz,c its performance. ‘1’hc S’1’AR  demonstration

was intcgm(cd  into onc ofthcsc  tests. I)uring the S’1’AR
tcst, a ilip,h vacuum  w a s  m a i n t a i n e d  a n d  t h e

environmental temperatures were varied from - 190°~ to

25°~.  Solar simulation was not excrciscd during the
Sri’AI{ clcmonslration.

‘1’i]c Mars Rover test was conducted in J})l ,’s

10 ft vertical chamber. I’hc useful height is about 20 fl

and the ciiamctcr is 10 f[, Vacuunl  and lcmpcraturc
simulation capability is very similar to the 25 ft c.hambcr

dcscribcd above. ‘1’his chamber, however, does not have

solar simulation capability.

I)uring the first part of the Mars Rover test,

sinlulatit~g  the cruise of the spacecraft from l[arlb to

Mars, space conciiticms were simulated with a vacuum

environment and tcmpcraturcs  of approxiinatcly  -3S ‘~.
‘1’hc second pat-i of the test simulated Martian surface

conditions witi] tcmpcraturcs  in the ranp,c  from -80°~ 10

-200(1  in a nitrogen atn]osphcrc  at 8 torr.

S’I’AR,  tlIc Satellite ‘1’cs[ Assislani Robot, is an illnowitivc  tclc-robotic inspection systcm. It is capable ofvicwillg  a space

fligi]t atliclc in the test cimmbcr froll] dif[crcnt  vantag,c points by using a set of two vacuum ratccl high resolution cWl) video

—



cameras and  aII II< camct:i.  A tlIrcc axis instrument
pla(form, consisting of ti 25 f( high vcr(ieal axis ant] a

pan/( ill uait riding OII  a carriag,c assembly driven by a

c]catl room quali(y stainless s(ccl belt drive, caa lx
remotely controlled by an opcrakw. A gy’apbical USCI’

inlcrfacc, shown in l:igurc 2 ,  i s  prm’icicd b y  a

compu[criml  cm)trol  statim.  It]frmd  camera sctling,s,

imap)c l]l:ttlil)lll:llioll and capture, lig~ltillg @jLlstl~~clk  ~ll~d

clcvalicm and oricnt:ition control  can lx r e m o t e l y

cxcrciscd.  (Jscr intcrac(ion is supporlcd  by touch scrccI)

or muusc.  A dctail~>cl dcscriplicm of tbc S’I’AR  tbcrmal

vacuum test caI~ bc found in Reference 2.

~.yl_A( ;1 N <i_lLAIRIJQ’l!.ll!l

‘lhc il)]ap,ing radimnctcr, fin Inframctrics  760

r “’” -1

1 ,, !,4,,,,
4

Iigurc  2: S’I’AI< touch scrcca coatml panel

system, is al) “off tbc sbcll” product. A prclimiaary test conductcci  in Scptcmbcr  1993 by JI’1, cm an identical imagin~  system

mnfirmcd  that this camera is capable of cxtcIldcd aad cmtiauous  opcr:itim in vacuum. “1’bc promincat feature that enables its
opcratirm in a vac~tum environment is a miniaturi~ccl  Stirlin:j ccmlcr that is build iato the camera ancl is used to prwidc cooling

of lbc J Ig,(kl’1’c  dclcctor that is scnsilivc ia tbc 3-12  mitt’omctcr rep, ioa. ‘]’lIc II< camera was equipped with tbc standarcl 1 x leas.

NO otbcr c~lcrl~i]l  optics were uscd.

3 1 l)csi~,t) moclificalim>=:. -

1 n order to provide lcmpcrature  control of the radiometer, it was inskumcatcd  with tbcrmostat  icall y ccmtrollcd  foil beater

clcmcII{s tbal Ivcrc placed cm lbc seamer housing tog,ctber will] tbcrmocouplcs  for kmpcraturc  sensiag. l;igurc 3 shows tbc scatmcr

top,ctllcr  wilt) OIIC equally inslrumcnlcd  CC]) camera on each side.

‘1’hc scanner

a n d  (Xl) catncras

were then blanketed

will] multi-layer

iasulalion  (Ml.]) to

provide protcclicm

from sokir  insolalicm,

t o i m p r o v e

tcmpcralurc

uaifomi[y,  and 10
rcducc  bcatcl- power

consumption. ‘lhc

final assclnbly is
shown ia I:igurc  4 .

‘1’hcsc  Wcle the Cmly

modifications made to

tbc ll{camcr~i.
I:igure  4: Scanncraftcr  Ml,l  installation



?.2 Scallll(v:cablg=—— —..

l)urin:,  the S’I’AR  test, tl~c scanncrcoatro]  was located outside and bclowtbc simulalcm, in tbc basement directly

uI~dcrI~caIII  the scanner. To accoll~ll~oclalctl~c scpar:itioa bctweca tbc scaaacr  and the control unit, a IICW  cable was built with

conncckws  compatible with cbmbcr feed-thmugl)s. ‘1’hc nmv cable bad a Icagtb of apprmimrttc]y  40 f[. ‘1’his  is umsidcrably kmgcr’
tl)aa the s(andard  cable available lvith the II< camera, ‘Ihc kmp,cr cable is (I)ou.ght to be rcspcmsible  for some irregularities obscrvccl

late durin:  the S’I’AR  test, ‘J’hcsc irregularities arc described in more detail in the Results sccticm of this papct’.

4. l{l;I’lll{l{NCli  ‘1’ARGIYl’

A rcfmmcc  target was placed insi(ic t[Ic vacuum chamber to support an indcpcndcnt  assessment of the imaging

radiol~lctcr’s  pcrl’orIIIa  IIcc. ‘1’hc target consisted of a tempcralurc ccmtrollcd  copper  plate heat cxcbangcr.  ‘1’hc tcmpctaturc  of this

lIca( cxclIaI):,ct  could bc controlled over a wide range. ‘1’hc copper plate heat cxcbangcr design provided temperature control for

all saInpks will) a uniformity to willlin 2°C throughout the S’1’AR tcsl. I:ach t[irgct tcmpcraturc  was measured continuously by two

thermocouples thal were mounted right bchiad cacb sample surface m the copper plate, All measurements were recorded for later

data analysis. A ]>ict Llrcoftl]ct:irf,ct  is show below in I:i:urc  5.

~.1 “I’:lrc,cl ill:ltcri:lls

'l'l~ccc)]~l)cr  }>l;i[c sLlrfitcc \\:lsl~:lilltcdl >lackatl(l l~cld]]it~c  sal~]plcs ofdif~ctcl]ts  pacccrafl]  l~atcrials.r ltlcsat]lplcll materials

WCIC sclcctcd toprovidc  typical sl~:icccr:ift slll”fiice ]>rc)l>ct’tics:ill(l itlC]Udcd  gold, silver, aluminiz,cd  Kaptcm,  alun]inizcdMylar,

wllilc paint, black paint, and solar cells, “1’hc  target material’s cmissivitics were measured at room tcmpcraturc  prior to the test with

:i(iicr l) Lllll;cl ]{cflcctolllc(cl.  'l'llcsc \zi!Llcs,s llllltll:irixeCii tl't'a(Jtc  ] [lciotff, \vcrc Ltsedfor  sLlbscqtlctlt tel]~l~cratl]rc Il]easllrt;lllcJJts.

I

‘1’able 1: ’1 ’ar~,ct MatcrialI hlissiviticszit Room I
‘1’cmpcra[urc I

1 “:’t’’’’’itc===m
2 glossy white 0.88

3 gold 0.02
—

4 black Kaptm 0.80

6 solar CCII ().82
I I

71 aluminiz.ccl Kaptoa, Kaptoa  side 10.521

8 alulnillizcd Mylar, aluminum siclc 0.03

9 beta cloth, wllitc 0.90

I A
I;igurc5: Rcfcrcncctarp,et

Icft corIIcr  is sample//i, the ccntcr sample is //5 an(i the lmvcr right comer sample is //9



5. OIISI;  RVA’I’10NS”  ANI) RI; SU1,’I’S

‘I’l~c  S’I’Al{  tcstrcst]llccl ill 1811011rs ofi!)lap,cs  rccorclccl ot~\'i(lco  ta]~cat)(l 24il~lages  savcclot\  aflo]>py  clisk, It)adclitioI),

a Sip,llifican[ porlion Ofthc Mars I{ovcr’tcsl  was vidcolapcd  alId SCVCMI images were saved on floppy disk.

fl_s’1’Al{  Tcs[m<I.LouNJ~m~

l'()rtl]is  c{Jt~ll>aris()l],  zll~ll>icl~t,  l]ot, tltlclcc~l(i  rcfcrci)cet  atg,cttc t~~pcrfitLlrcsl~ avcbc cl] sclcctcci togivca rcprcset[tativc
samplcof  II{ catncra pcrfbrmancc,  Gmsis(cnt with typical 11{ calncra  cxpcticnce, the accaracy ofmcasarcxi sallli>ictctllpclatllrcs

clci~ct~(is s(lol]giy( )tlti]cc lllitt:ll]cc(  Jfti]cs allli)ics Llrfacca t\cililct argcttctlli>cratLlrc. I{cstlits arcprcsct)tcci  itl'l'al>lc 2,slltllt]larizcd

aa(i groapc(i  by cmit[aacc riingc  an(i twgcl tcmpcraturc.

‘IaL~IC  2: slll]]l]]al.j~oftyi>icai  tcl]ll>cratllrc ll~czisl]rcl]]ctlt accaracy, A’I\l~i,l,~Pc  .,t,C,,,,oCc,,,l) lctc,j,P~r~,,,,e).07(

i]igh cmillancc mcciiam cmitlancc imv cmiltancc

tillgCt c ().8 -0.9 c= 0.52 c’ 0.02-0.12

tcmpcratal”c direct aflcr cmittancc ciircct aflcr cmittaacc ciircct after cmillance

mc:isarcmcnt correction’) mcasarcmcnt corrcctiml) mcasarcmcnt ccmcct ion’)

-85/-75 -125 -112 -121 no data + 52 no data

-75/-6s -121 -17 -1]8 no data -187 no data

?3 -0.6 -1.1 -0.’2 -2.9 - 1 1 . 5 -I 6.4

40 -1 ().3 -().8 -12.3 -2..4 -5.() -19.9
.—— -—

55 -0.5 -1.7 -13.7 -2.1 -i6.3 -29.3

1) ‘1’IIc cmi[[aaw corrcc[ion rckw cd to ia h li)blc  co IIsisls of ilmf!ing a targd  a( two kaowm aaci uait’orm tmpcralurc icvds.  A sotlwarc
imJgraIII  (IICI) calcalaks  ]ocal cmit(aaccs and imc!ipIoalIci tcmpctatarcs  and applies this informatio]l to sabscqucal  imag,cs oa a pixci

b)  pixel Imsi.s.

[t is rcmari<ablc tiIa( for cmi(kinccs  of ().5 and hi:i]cr even cxtrcmc  cold targets were dctcctcd,  ‘1’bc accuracy deteriorates
si]arpiy from ambicat  mcasarcmcnts  bu( aay rcizitivc ]l]c:is(]t’cll]cl~ts,  sacb  as lcmi>cratarc distributions, can sliii bc performed. ‘1’hc

iow tcmi~craiurc  limit of-t35°~ is ti)c iowcst tar~ct tcmpcr:i(arc  cnccrat~tcrccl ‘i’hc Imvcst tcmpcraturc that can bc sensed with tbc

11< camera \Yas not (ictcrmincd  bat ai>i>cars to bc wcli bciow ti~c -20°~  specified by ti)c manufaclarcr.

‘1’i)c unsatisfactory accaracy of ti]c iow cmil(al)cc g,roai~  is i~ar(ialiy dac to ti~c ini]crcnt difficulty of mcasaring emitted

cncrp,y t’roIn a surface ti]at i~rimarily  rcftccts  eacrgy.  in this sample g,roui>,  ttvo ofti~c ti~rcc sarfacc had rcflectaaccs  of97°/0 aad
98%. 11 is possibic to acllicvc bc((cr mails bat this test \Yas not coIIciaclcd to cictcrminc  maximam performance iimits oa tbc

imaging systcm,  ‘1’hc  primary goai was to cst:iblisil ti]c feasibility of operating an 11{ camera uncicr simtliatcd  space conditions.

~.? hI:Ig,g_qrrI i i!y

No ])o[iccahlc (icgracialioa ia imap,c qaaiily ims bcca observed. llvcry image ti)at i]as been anaiyzcci is of ti}c same quaiity

in terms of ciarity,  contrast  atld accaracy as images taken an(icr rcgaiar amhica(  conditions. A sampic  ofti]c  test images is given

in l~i~,arc 6 :ia(i l~igurc 7 011 ti}c next page.
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I;igutc 6: l)iscontinuity  in cooling fin tcn~pcta[urcs

$.3 Mainlcnal]cc  and dia:,.nostics-

I;i.gurc 7: Mars Rover

The 11{ camera provided several useful images c)fthc  tcmpcraturc distribution of the chamber enclosure during real tirnc

opcrat ion, information thal usually is not available hccausc  of the sheer size of the simulator. Previously unknown temperature
discoatinuitics  wrc cliscovcrc(i, il)dicating  non-u nifortn  cooli]lg on onc shroucl fin, as can bc seen in the image in F’igurc 6 :ibove.

]n t]~c fulurc,  mapping ofthc  test chamber prior to a test can bc routinely and quickly pcrformcci.  It is also possib]c  to quickly ant!

easily map the uniformity of the solar simulator employing a tcchniquc  as cicscribcd  in Reference 3.

5.4 (;ollt:tt]lill:ltioll

‘1’IIc  11{ camera can potcl]tial]y rcprcscnt  a cc)l~tzltl~it~;l(iol~  source to other test arliclcs bccausc its construction did not

require tllc usc of low oulgassing and vacuum compatib]c  ma[crials. F’or the test cicscribcd  in this paper no special slcps to clean
the caincra, such as a bake-out, were taken. ‘1’hc test cl]ambcrs  arc cquippccl will) liquici nitrogen flooded cold plates cicsigned to

col[cct any col]tfll]~it~:~l~ls. No adverse cffccls on Icst operations have been observed which arc clue to the prcscncc  oftbc  IR camera,

Anotllcr concern was contamination of the camera optics by otbcr contamination sources present in the test chamber.

]lascd  oI~ly on visual inspcc[ion  and the qu:iii[y  of ti]c images taken, a judgcmcnt can bc made tilat tilis has not been a problem.

‘1’ilis is furlilcr suppor(cd  by [i]c fiict timt the 11{ camera is tcmi~craturc  contro]lcd, Since scanner temperatures arc maintained near

alnbicnt, it is Icss iikely that contaminants wili condcnsc on the camera optics rati~cr than tile cold plate which is maintained at muci)

Iowcr tcn]pcralarcs. If a(icii[iona]  cxlcrnai  optics arc used, tile increascci ciistancc of ti~csc optics from the temperature conl.rolicd

scanner lmiy will Icaci to Iowcr tcali~cra(urcs, ‘1’i]c  issue of contaminating 1[< camera optics may have to bc re-cvaiuatcd  in this case.

5.5 Scanner cable

‘1’i~c scanner cabic, connecting ti~c scaancr insi(ic ti~c tcs[ chamber to ti~c cxtcrnaiiy iocated controi unit, had to be

considcrai~ly  icng(i~cnc(i  from ti~c fl~c(ory  imvidcci 4 f( cabic to a 40 ft J1’I, custom made cable. In addition to this modification,
si~nais had to paSS through  fccci through conncc(ors  at the chamber’s bulk i~cad. l)uring ti~c S’1’Af< test tile IK camera operation

cxi>cricncc(i  ciifl~cui[ics lvilca at) a((cmpt  wm  macic to clmllgc tile sc:inncr  filter sctling. ‘1’i~csc difficulties occurred when the fiitcr
wi~ccl  control dici no( rcsponci  and the camera con[ro]icr  did not rcccivc confirmation tilal ti~c ncwiy scicctcd filter sct[ing had been

cs(abiisilc(i.  As a rcsul[, tile entire control software “i~ung up” and ti~c systcm ha(i to bc rebooted. ‘1’ilc dcscribcd scenario was
rcpcatablc an(i a cicar rciationsilip bctwccn  a “lIung” con[roilcr  and tile attempt to change fiitcr settings was cstabiishcd.




